The plains pocket gopher (Geomys bursarius) is a fossorial rodent noted for having a wide range of pelage colors that tend to match the color of soil in which it lives. This phenomenon is considered adaptive as concealing coloration. If being well camouflaged is advantageous, then natural selection should favor a pelage color that specifically matches the color of soil that surrounds pocket gophers when they are most often exposed to the surface. We tested the hypothesis that dorsal coloration of G. bursarius matches color of moist, freshly excavated soil from its burrow more closely than color of drier soils that surround newly formed mounds. Our study examined 5 subspecies that live in soils having different colors (black, dark brown, reddish brown, yellowish brown, and white). The degree of cryptic coloration was quantified using methods that do not reflect biases of color perception by humans. At all locations, color of the pocket gophers' heads was closer to color of dark moist soil than to the color of pale dry soil. The same was true for their backs, except for a brown individual from the black soils of Illinois.
The plains pocket gopher (Geomys bursarius) is widely distributed across much of the central United States from Texas north to southern Manitoba and from eastern Indiana west to Wyoming, Colorado, and New Mexico (Hall 1981) . G. bursarius is a fossorial species living in elaborate burrow systems, which typically are excavated in moist, deep, sandy loams (Jones et al. 1983) . The main tunnel is ca. 1 m below the surface and connects to a nest chamber and special tunnels for food storage and defecation. A series of shallower feeding tunnels extend out from the main tunnel. Lateral tunnels also radiate out from feeding tunnels and open to the surface so that freshly excavated soil can be shoved out of the burrow system, forming mounds on the surface. Lateral tunnels are opened for a brief time and then are plugged; the exca-* Correspondent: bio149@pop.uky.edu vated soil is deposited on the surface. Presence of a series of mounds indicates the pattern of a burrow system (Andersen 1988; Benedix 1993; Jones et al. 1983) .
Mound building by pocket gophers increases risk of predation because of exposure at the surface while shoving soil from their burrows (Andersen 1982) . Moreover, new mounds may be formed frequently (Andersen 1990 ; Thorne and Andersen 1990) . For example, Thorne and Andersen (1990) observed the excavation of a new burrow system by a single Geomys for a 5-month period. During this time, the pocket gopher produced 154 mounds and surface plugs.
Geomys bursarius spends virtually all of its existence in burrows, occasionally venturing to the surface to forage, disperse, and search for mates (Blair 1941; Findley 1987; Schwartz and Schwartz 1981) . Despite its subterranean existence, the plains pocket gopher is exposed to a variety of predators, including those that are diurnal, nocturnal, olfactorially oriented, and visually oriented. These predators have a wide range of visual perception ranging from highly developed color vision to monochromatic vision. Predators include badgers (Taxidea taxus), weasels (Mustela), coyotes (Canis latrans), foxes (Vulpes, Urocyon), skunks (Mephitis, Spilogale), domestic cats, hawks (Accipiter, Buteo), owls (Bubo, Tyto), and bull snakes (Pituophis melanoleucus; Jones et al. 1983; Schwartz and Schwartz 1981) . Badgers excavate burrows in search of pocket gophers, but bull snakes and weasels may enter the burrow system. The remaining predators normally attack pocket gophers when they are on the surface of the ground.
Geomys bursarius is noted for the color of its pelage varying greatly over its range. For example, color varies from black in Illinois to dark brown, reddish brown, and buff in the plains states (Hoffmeister 1989; Jones et al. 1985) . Color of dorsal fur generally matches color of local soils. Benson (1933) hypothesized that such matching of color is the result of selection pressure by predators. He further suggested that color should match particularly well when sparse vegetation results in an abundance of exposed soil. Hall (1932) commented that pocket gophers of White Sands National Monument in New Mexico were distinctly darker than the soil. He further remarked that he expected the animals to closely match the color of the sand in much the same way as the whitish-colored pocket mice (Perognathus flavescens) of the same region. Benson (1933) accounted for this difference in color after noting that the Monument's sand was not white when it was damp but had a darker appearance. Benson (1933:25) said ''if gophers are to be concealingly colored, their color should correspond to the color of the earth which they shove out of their burrows for it is against this earth as a background that they expose themselves to the attacks of their enemies.'' Thus, Benson (1933) was 1st to hypothesize that dorsal coloration of G. bursarius should match the color of moist, freshly excavated soil from its burrow more closely than the color of drier soils that surround the newly formed mounds.
In several studies, color of the dorsal fur of Geomys and Thomomys has been compared with color of local soil from which animals were taken (Hendricksen 1972; Ingles 1950; Kennerly 1954 Kennerly , 1959 Williams and Baker 1974 (western Nebraska) . Pocket gophers were captured in soils ranging in texture from rich loam to sandy and in color from black (loam, Illinois) to dark brown (loam, eastern Nebraska) to reddish brown (sandy loam, Oklahoma) to yellowish brown (sand, western Nebraska) to white (sand, south-central New Mexico). We followed the taxonomy of Hall (1981) , with the exception of treating G. arenarius brevirostris as G. bursarius brevirostris (Hafner and Geluso 1983) .
Pocket gophers were collected at the following locations: Oklahoma, Caddo Co., 0.1-19 km N Binger on Highway 281-8 (n ϭ 13; 28-29 July 1995); Illinois, Woodford Co., 11-14 km N Eureka and 8-10 km N Cazenovia (n ϭ 10; 8-9 August and 5-6 October 1994); Nebraska, Thomas Co., Bessey Division of the Nebraska National Forest near the town of Halsey (n ϭ 7; 25 September and 8 October 1994); Nebraska, Douglas Co., Omaha, 0.1 km N intersection of 72nd Street and Military Avenue (n ϭ 3, 16-17 July 1994), 0.5 km N intersection of 72nd Street and Military Avenue (n ϭ 3; 11 September and 30 October 1994); and New Mexico, Otero Co., 0.8 km WNW White Sands National Monument Visitor Center (n ϭ 1; 24 July 1995), 1.4-7.7 km NW Visitor Center along paved road in National Monument (n ϭ 4; 24-27 July 1995). Hereafter, we refer to these locations as Binger, Eureka, Halsey, Omaha, and White Sands. Soil samples and voucher specimens of pocket gophers were deposited in The New Mexico Museum of Natural History, Albuquerque.
The 5 collection sites were either densely or sparsely vegetated. Roadside ditches at Eureka were densely vegetated with mowed unidentified grass and those in Omaha with mowed bromegrass (Bromus). In contrast, roadsides at Binger were sparsely vegetated with sunflowers (Helianthus) and Johnsongrass (Sorghum halepense). The Halsey site was composed of sand dunes sparsely vegetated with little bluestem (Andropogon scoparius), prairie sandreed (Calamovilfa longifolia), needle-and-thread (Stipa comata), switchgrass (Panicum virgatum), and blue grama (Bouteloua gracilis); this site was grazed periodically by cattle. White Sands had 3 distinct habitats, and each was sparsely vegetated. The sand dunes themselves constituted the 1st habitat. Here, vegetation was widely scattered on the white gypsum sand or, in some areas, lacking all together. The 2nd habitat was the low-lying interdune flats that contained more vegetation, and its gypsum sand was more yellowish in color. The 3rd habitat, known as the dune front, was the flats of the Tularosa Basin along the eastern edge of the sand dunes. This soil was yellowish tan with a fine talcumlike texture. In the Monument, some areas of dune front were continuous with the Tularosa Basin, whereas other areas of this habitat were surrounded by sand dunes; we trapped both situations of dunefront habitat. The interdune flats and dune front were sparsely vegetated with 4-wing saltbush (Atriplex canescens), Indian ricegrass (Oryzopsis hymenoides), and little bluestem. Gopher mounds were highly visible at all locations. Historically, gopher mounds at Omaha and Eureka may have been hidden by dense stands of native grasses; however, those mounds were exposed regularly by fire and through grazing by bison (Bos bison), both characteristic of those regions.
At each collection site, the characteristic soil for the area was identified. Pocket gophers were collected from those sites; we did not trap in areas where soils were disturbed by erosion. Such atypical soils included the bright-orange sands at Binger and the brown soil at Eureka.
The heads and backs of 9 of the 10 pocket gophers from Eureka were black. The undersides of 6 of those specimens also were black; but for 3 specimens, undersides were brown. In the 10th specimen, the body was dark brown except for a black mid-dorsal band. Although its cheeks and areas around the eyes were brown, the top of its head was nearly black.
Extensive searching in the 3 habitats of White Sands revealed little activity of pocket gophers on sand dunes, more activity in interdune flats, and most activity on the flat, low-lying dune front. Only 1 of the specimens collected was taken within the interdune flats, although numerous old mounds were present in this habitat. Three specimens were collected on the dune front where an abundance of pocket-gopher mounds occurred. Only 1 specimen was collected on a sand dune, and that pocket gopher was 15 m away from the dune front.
Collecting pocket gophers and soil.-We used the following protocol for collecting pocket gophers and samples of soil. After locating a fresh pocket gopher mound, we removed soil from the plugged lateral tunnel until we reached an open horizontal tunnel. Fresh soil was quickly removed from sides of the horizontal tunnel and tightly packed into a 0.95-1 (1-quart) Mason jar. The jar was labeled and tightly sealed. We then set Macabee kill traps in the tunnels, placed the jar containing the soil in the hole created by excavating the burrow, and covered the jar with soil, sod, or vegetation. Traps were checked every 3-4 h. If a pocket gopher was caught, it was tagged with a unique identification number, and the soil sample received the same number. The pocket gopher was triple wrapped in plastic bags and immediately packed on dry ice. If space permitted, the soil sample also was packed on dry ice; otherwise, it was kept in a cooler on wet ice. If no pocket gopher was caught at a burrow, the soil sample was discarded, and the jar was cleaned and reused. All specimens were kept frozen on dry ice until they were returned to the University of Kentucky, where pocket gophers and soil were placed in a freezer at Ϫ30ЊC.
Specimen preparation for color analysis.-Before information on color was quantified, each pocket gopher and soil sample were warmed to 0ЊC and were kept in a refrigerated environmental chamber. We combined the fur of each pocket gopher with a toothbrush to remove blood and soil and dried it with a hair drier. Af-ter they were thoroughly cleaned and dried, pocket gophers were returned to the chamber at 0ЊC. Pocket gophers were removed from the chamber and given 15 min to reach room temperature before measuring color. A portion of each soil sample was removed from Mason jars and packed into labeled, open petri dishes. Then, soil was dried at 30ЊC for 24 h. Dried soil samples were allowed to cool at room temperatures before measuring color. Those samples were designated ''dry'' soil. The remaining moist soil in each Mason jar was kept sealed at 0ЊC. Before measuring color of the moist soil, sealed jars of soil were removed from the environmental chamber and given 30 min to warm to room temperature. The only time the jar was not sealed was for 0.5-1 min, while the fiber-optic cable was placed in the jar to record color. These samples were designated ''moist'' soil.
Color analysis.-We used a portable spectroradiometer (SPECTATOR S1000, Ocean Optics, Inc., Dunedin, Florida) to analyze color of pocket gophers and soil. The spectroradiometer allowed us to quantify physical properties of color without relying on human perception of color. Our spectroradiometer was interfaced with a laptop computer on which the C-SPEC color-analysis software program (Ancal, Inc., Las Vegas, Nevada) was installed. An LS-1 Tungsten Halogen Light Source (Ocean Optics) was used as the standard light source during the study. This light constant was attached to the fiber-optics cable, which also was attached to the spectroradiometer.
Before collection of data, the spectroradiometer was turned on and allowed to warm to a constant temperature for 3 h. The LS-1 light source pulsed light into the fiber-optic cable, and light was emitted from the end of the cable. This light was reflected off the sample's surface (pocket gopher or soil) at a 90Њ angle, absorbed by the fiber-optic cable, and returned to the spectroradiometer for processing. Resulting data were stored as a separate computer file for each pocket gopher and soil sample for future processing. The C-SPEC program calculated amount of radiant light emitted over the range of ultraviolet light (200-400 nm) and visible light (400-700 nm).
The distance and angle at which the fiber-optic cable is held from a sample greatly influence reflectance values (Endler 1990 ). Furthermore, presence of outside light (such as fluorescent lights) can distort the type of light reflected from a sample. To prevent introducing such error in our study, the end of a black plastic cap from a ball-point pen was cut, leaving a 5-mm opening, and the end of the fiber-optic cable was inserted into the opposite end of the cap until it fit snugly against sides of the cut end, which was tapered. By pressing the cut end of the cap gently and perpendicularly onto the sample, the fiber-optic cable was positioned 3 mm above the sample and emitted the light beam perpendicularly down onto the sample. With the cut end of the black cap touching the sample, we were confident that no outside light contaminated the sample.
Three readings of color were made on each pocket gopher's head; a reading was taken at a position halfway between each ear and eye and at the top of the head midway between the ears. Three readings also were taken at positions along each pocket gopher's back; a reading was taken 1 cm behind each scapula and a 3rd reading was taken midway between the 2 scapulae. Readings were not taken on the backs of 3 specimens from Binger and 1 from Omaha because their backs still possessed juvenile pelage. Heads of all specimens possessed adult pelage.
To insure that all samples of soil were of the same density, a glass jar (15 mm in diameter) was used to pack down all soil before taking readings. Three readings were randomly taken from each sample of soil. From those sets of readings, an arithmetic mean was calculated for each specimen's head, each specimen's back, and each sample of dry and moist soil.
Components of visible color.-Reflectance data were generated for each sample. Reflectance values represent total light intensity (ϭ photon flux) for a given wavelength (). Light intensity at a given wavelength is measured as photon flux per unit area, and its units are M m Ϫ2 s Ϫ1 (Endler 1990) ; all color components are measured in these units. Using Endler's (1990) segment-classification system, reflectance data were used to calculate the 3 components of color; brightness (Q T ), chroma (C), and hue (H). For vertebrates, the visible color spectrum typically ranged from 400 to 700 nm (blue to red). In our study, we made calculations for a color spectrum ranging from 500 to 700 nm. This modification was made because of presence of an ambiguous reflectance reading in the 300-460 nm range, which was the result of peculiar-ities associated with the spectroradiometer used in our study. This restricted range does not present a significant problem to interpretation of data. Our specimens reflected little color in the 300-460 nm range. Except for the black pocket gophers, all specimens were brown to reddish brown. By definition, brown is a mixture of red, yellow, and black (black is equivalent to low brightness). Thus, most light energy was emitted from the higher end of the visible spectrum (550-700 nm). Even for the black pocket gophers, what little light was reflected was from the higher end of the visible spectrum.
Brightness (Q T ) is calculated from reflectance values within the visible range and is defined as the total quantum flux over the visible spectrum (Endler 1990 ). Our readings of reflectance were taken every 0.4 nm for 500 readings from 500 to 700 nm. We assumed that brightness of sample was the result of reflected light (R) and that ambient and transmitted light within the tip of the ball-point pen were constant for any given wavelength. Consequently, brightness was calculated as:
where the constant w T ϭ 0.002 (ϭ1/500 readings). An object perceived as pale in color has a high brightness value. Thus, white has high brightness values compared with black, and grays have brightness values intermediate between white and black (Sustare 1979) . Chroma (C) is a measure of purity or saturation of a color and represents how rapidly intensity changes across wavelengths (Endler 1990 ). For example, if a sample emitted 20% of its reflectant energy from 400 to 650 nm followed by a rapid increase in amount of energy from 650 to 700 nm (80% of total energy), a high chroma value results. In contrast, if a sample emitted about the same percentage of total energy for each wavelength, no rapid change in brightness would occur across the spectra and a low chroma value results. Chroma was calculated as:
This required dividing the color spectrum being analyzed into 4 segments, then calculating brightness values for each segment using the 1st equation. In this study, Q a was calculated for the spectrum from 500 to 550 nm, Q b for 550 to 600 nm, Q c for 600 to 650 nm, and Q d for 650 to 700 nm. From this, LM and MS can be calculated as: LM ϭ Q d Ϫ Q b and MS ϭ Q c Ϫ Q a . A pale shade of red, green, or blue, for example, will have a higher C value than a dark shade of the same color. Moreover, each of those colors will have a higher chroma than gray or black.
Hue (H) is the measure of shape of the color spectrum. Hue is correlated with the wavelength with the maximum slope and the sine of the slope. For example, when the steepest slope for changing reflectance values occurs in the longest visible wavelengths, H will be red. If the steepest slope for changing reflectance values is in the shortest visible wavelengths, H will be blue (Endler 1990 ). All the spectral colors have higher values of hue than gray and black. In this study, hue was calculated as H ϭ arcsine(MS/ C).
In our study, the segment-classification system was used to compare differences between 2 colors (Endler 1990 ). Those differences were expressed as the Euclidean distance (D) between ''points'' in color space having dimensions of H, C, and Q T . Thus, the Euclidean distance (D gs ) between the color of a pocket gopher (g) and a soil (s) was:
For our study, this equation was used to calculate Euclidean distances between color of a pocket gopher's back and dry soil (D bd ), a pocket gopher's back and moist soil (D bm ), a pocket gopher's head and dry soil (D hd ), a pocket gopher's head and moist soil (D hm ), a pocket gopher's head and its back (D hb ), and moist soil and dry soil (D md ).
Interpretation of Euclidean distances.-Values of Euclidean distance indicate similarity of 2 colors. Two objects that are identical in color will generate a value of D ϭ 0. A pale-red object compared with a dark-red object will generate a value of D ϭ 0.5, whereas comparing colors at opposite ends of the visible color spectrum (e.g., pale red and pale blue) can generate a value of D ϭ 1.6. As an extreme example, a pale-blue object compared with a dark-brown object can generate a value of D ϭ 2.8.
Calculating Euclidean distances is an appropriate technique for quantifying how well 2 objects match in color. As an example, assume that a gray pocket gopher was collected from a burrow system containing gray soil. Also, suppose that the pocket gopher's head is darker than its FIG. 1.-Hypothetical reflectance data and Euclidean distances (D) for a gray pocket gopher with its head darker than its back and where dry soil is the palest shade of gray and moist soil is a shade of gray between that of the head and the back of the pocket gopher.
back and that the soil is darker when it is moist than when it is dry. Hypothetical reflectance curves (incorporating the 3 components of color) and Euclidean distances for this scenario are shown in Fig. 1 . Chroma and hue values are low for the gray colors, and thus reflectance curves primarily depict differences in brightness. Note that the paler back of the pocket gopher matches the color of moist soil to the same degree as the darker head (D ϭ 0.1 for both), despite the fact that brightness of back and head differ from one another by 0.2. That is, different pelage colors can match background color (e.g., moist soil), but for different reasons. Also note that neither the back (D ϭ 0.2) nor head (D ϭ 0.4) of the pocket gopher match the dry soil as well as they match the moist soil (D ϭ 0.1 for both).
Statistics.-Paired t-tests were used to compare D bd to D bm and D hd to D hm for specimens from each location. All data were normally distributed. We had a priori predictions that color of pocket gophers should more closely match moist soil, thus 1-tailed t-tests were used with P Ͻ 0.05. For mean values, we 1st determined the Euclidean distance for each individual from a location and then calculated the arithmetic mean.
RESULTS
Dry soil from each collecting site was distinctly paler in color (had higher Q T values) than moist soil from the same burrow (Table 1) . Not surprisingly, soil samples from White Sands were palest. Also, as expected, soil from Binger with its distinctive reddish color had high values for chroma and hue, whereas soil from Eureka with its dark gray-black color had low values for these 2 components of color.
Although pocket gophers from White Sands are not white like the gypsum sands of the area, they still had the highest values for brightness when comparing combined values for head and back to pocket gophers from other locations (Table 1) . Not surprisingly, the brown pocket gopher from Eureka with its nearly black head and black middorsal band had different values for color than the 9 black animals from the same location. Values for brightness, hue, and chroma were noticeably higher for the back of the brown individual. When taking color readings of the back of the brown gopher, all 3 readings were taken within the black band. However, 2 of the readings were taken on sides of the band where its color started to blend in with the brown color below it.
For all 5 locations, D values between heads and moist soil were significantly lower (P Ͻ 0.001) than for those between heads and dry soil (Table 2) . Clearly, heads of pocket gophers match color of moist soil more closely than they match color of dry soils. Except for the brown pocket gopher from Eureka, D values also were closer between back-moist comparisons than between back-dry comparisons. In that case, all comparisons were significant except for pocket gophers from Halsey, where D values were almost identical. The pocket gopher from Eureka with the brown back and narrow black band differed from black specimens of the area. In this case, back coloration matched dry soil better than moist soil (Table 2) . However, because the top of the head of this pocket gopher was nearly black, comparison of its head to moist soil was similar to the black specimens.
Euclidean distances between color of moist and dry soil for each location revealed that soil color at Halsey was most similar (Table 3) . Euclidean distances also revealed that pocket gophers from Binger, Omaha, White Sands, and Eureka (those with black pelage) had similar differences in color when comparing their heads to their backs (Table 3) . The most extreme difference between head and back was observed on the brown pocket gopher from Eureka (Table 3) . Excluding the brown individual, pocket gophers from Halsey had the greatest difference between head and body color.
DISCUSSION
In nature, visual deception is a common way in which prey avoid being detected by predators (Hailman 1977) . Deception can be accomplished by evolving behaviors and color that conceal a prey animal's presence. Color matching conceals the prey by eliminating any contrast with the background and by eliminating any outline of the prey (Hailman 1977) . If being well camouflaged is advantageous to pocket gophers, then natural selection should favor a pelage color that specifically matches the color of soil that surrounds individuals when they are exposed to predators. For pocket gophers, the greatest period of vulnerability to visually oriented predators occurs when individuals are shoving soil out onto the surface of the ground (Andersen 1982) , that is, when their background is composed of freshly excavated soil. Thus, as Benson (1933) hypothesized, pocket gophers should match the color of moist soil being excavated more closely than color of dry soil that already is present on the surface. Our study shows this to be true. For all 5 subspecies of pocket gophers living in soils having different colors, heads of animals matched the color of moist soils better than color of dry soils from their burrow systems (Table 2 ). The same was true for dorsal color, except for a brown individual from the black soils of Eureka, Illinois.
Pocket gophers from Eureka.-Of the 5 subspecies that we studied, the black pocket gophers from Eureka most perfectly matched the color of moist soil (Table 2) . Interestingly, the top of the head of the brown specimen was nearly black and also matched the moist soil closely. Although this individual's back was not dark enough to match the color of moist soil, the black dorsal band across its body certainly allowed it to be better camouflaged than if its back was completely brown. Hoffmeister (1989) suggested that the black pelage of pocket gophers in Illinois was the result of a nonadaptive mutation because those pocket gophers also lived in pale sandy soil and yellowish-brown loam, as well as the rich black loam. He suggested that the Mississippi River shifted during the late Pleistocene, leaving a dark-brown population from Missouri isolated on the east side of the river in Illinois. That population supported a black mutant form that spread in Illinois. Black individuals are known in other parts of the range of G. bursarius (Hendricksen 1972 ), yet they have not reached the frequency of occurrence found in Illinois. Furthermore, individuals vary from having black bellies to having brown ones. In some cases, the brown extends ventrolaterally. That variation suggests something other than a simple mutation. It suggests that black pelage is adaptive in pocket gophers from Illinois. The initial black mutant may have been preadapted for the black soils of Illinois, and since became fine-tuned to closely match the color of black soil that is moist.
In addition to the rich black loams in Illinois that are present today, areas of yellowish-brown loams still exist in the state. We do not know how prevalent brown soil was in the past and how much influence each soil color has had on pelage color in pocket gophers that we see today. Hoffmeister (1989) stated that 8% of specimens of pocket gophers from Illinois are brown and 92% are black. However, we do know that poor farming practices in recent times have caused extensive erosion of black topsoil, causing deeper brown soils to be exposed on the surface. With these changes in color of soil, will the proportion of brown pocket gophers increase in the future, will some intermediate color arise, or will some other outcome occur? Clearly, many questions remain concerning the interplay between color of soil and pocket gophers in Illinois.
Pocket gophers from Halsey.-Of the 5 populations we examined, pocket gophers from Halsey were uniquely colored in that tops of their heads were noticeably darker than their bodies. Darker heads were a result of numerous black hairs mixed in the pelage. Despite this, both the darker head and paler back matched the color of moist soil essentially to the same degree (0.13 and 0.10, respectively; Table 2 ). This is similar to the situation shown in Fig. 1 . In both cases, the head and back are different from one another; however, Euclidean distances between the head and moist soil and between the back and moist soil are similar. That is, the important consideration in camouflage is not contrast in color between different parts of an animal's body, but contrast between specific parts of the body and the background. In terms of matching their background coloration, heads and backs of pocket gophers from Halsey accomplished this equally well. The only comparison of Euclidean distances in which significance was not obtained occurred with backs of pocket gophers from Halsey. Lack of significance probably is related to their backs being an intermediate color between those of dry and moist soils and because soil colors were so similar (Table 3) .
Pocket gophers from White Sands.-Pocket gophers from White Sands did match color of moist soil more closely than dry soil, but color of moist soil was still noticeably brighter than pocket gophers. Nevertheless, those pocket gophers had the brightest overall coloration in pelage compared with pocket gophers from the other locations.
Color of G. b. brevirostris was not what might be expected for animals living on white sand dunes. That is, their pelage color was not white. However, our observations suggest that pocket gophers from White Sands are not restricted to the dunes themselves but live primarily on darker sands around the dunes. Signs of pocket gophers in the habitat with the whitest sand appeared to be far fewer than around the dune front. This suggests that, at least historically, G. b. brevirostris may have been a subspecies of the Tularosa Basin in general. Gene flow between populations on White Sands and other populations living in the Tularosa Basin, with its darker soils, may have prevented a paler population from forming. This may have been happening until recently, because Williams and Genoways (1978) suggested that Cratogeomys castanops has replaced G. b. brevirostris from most areas of the Tularosa Basin, except White Sands and the area immediately surrounding the dunes. If this is the case, an argument can be made that this subspecies might become paler in the future. Complete albinism and white patches are common for G. bursarius (Hazard 1982) , and both have been reported for the population at White Sands (Benson 1933; Williams and Baker 1974) . The alternative explanation is that darker color is adaptive. Pigmentation, especially melanin, increases hardness of tissue, and pigmentation in feathers reduces wear from abrasion . This is because tough substances such as keratin are associated with melanin. Resistance to abrasion probably is similar in fur. A white pocket gopher burrowing through abrasive sands may be at a disadvantage if its softer white fur quickly wears away. Thus, a white pocket gopher, although well camouflaged, may be less adapted than one that is darker and less camouflaged.
Color of pocket gophers from White Sands has generated past discussion. First, Benson (1933) believed that pelage closely matched the color of moist yellow sand from around ponds in low-lying areas. However, Blair (1943) disagreed with Benson because G. b. brevirostris was darker than either the dry or wet gypsum sand. Blair further disagreed because his observations and those of Hall (1932) revealed that G. b. brevirostris was even darker than G. b. arenarius, which lives in soils along the Rio Grande River that are much darker than the gypsum sands. Blair (1943) interpreted this as suggesting G. b. brevirostris was a recent invader to White Sands, and the dark color was fixed before invasion. Blair (1943) and Williams and Genoways (1978) believed that the dark color was the result of this subspecies' association with Escondida red sands that may have served as a corridor of dispersal, connecting the origin of this subspecies in Texas to White Sands. The reddish color of pocket gophers from White Sands suggests a recent association with red soil. This recent-invasion scenario, plus the advantage of abrasion-resistant pigment and former gene flow with populations from the Tularosa Basin, may explain why these pocket gophers are not white. Moreover, it may explain why these pocket gophers are reddish brown instead of some other color. Benson (1933) suggested that selection pressure by predators has evolutionarily shaped concealing coloration exhibited by pocket gophers, and that prediction is clearly supported by our results. Color of pocket gophers closely matches color of freshly excavated soil that surrounds pocket gophers when they are exposed to the surface. Thus, color of pocket gophers apparently is an adaptation to visually deceive predators. In addition to color, behavior is the other way in which pocket gophers are capable of visually deceiving predators. Hickman and Brown (1973) noted that G. pinetis momentarily sits motionless at the burrow opening before shoving soil onto the surface of the ground. They suggested that this behavior improves a pocket gopher's chance of detecting predators before moving out onto the surface. Being motionless in the burrow opening also makes the pocket gopher less obvious to any visually oriented predator that already may be in the vicinity. Clearly, behavioral observations of G. bursarius are needed to better understand how behavior and color interact to prevent detection by predators.
